a.
Basal ration plus 500 ppm copper, 50 ppm molybdenum, 100 ppm iron and 100 ppm zinc
The pigs were confined on concrete with feed and water supplied ad libitum in outside lots.
Bi-weekly weights were obtained for progress studieS:" Blood samples were obtained when the pigs had been on trial 23 days and at the termination of the trial and analyzed for hemoglobin, hematocrit, and copper and zinc concentra tion in the blood serum.
Results
A slUll mary of the results of trial I is presented in table 2 • Pigs receiving.
rations containing either supplemental copper alone, iron and zinc combined or a combination of copper, iron, and zinc gained faster and consumed more feel than the pigs fed the basal ration.
Average daily gains were 1. 27, 1.63, 1. 64 and 1. 72 lb. per day and feed consumption averaged 4. 51, 5. 95, 5. 78, and 5. 76 lb. per day for pigs fed the ( 1 ) basal, (2) copper, ( 3 ) iron and zinc or (4) copper, iron and zinc rations, respectively.
The pigs in the first replicate were heavier at the beginning of the trial and gained faster than the other two replicates except when the combination of copper, iron and zinc was fed.
A higher incidence of parakeratosis was observed in the pigs fed the basal ra tion alone, which may have accounted for the lower feed intake and reduced gain.
Pigs with a heavier initial weight were less severely affected than those of a lighter starting weight.
Copper in the ration reduced the severity of skin lesions associated with the disease, while iron and zinc completely prevented these lesions.
Pigs receiving rations with copper had slightly higher serum copper concen trations and considerably higher liver copper levels. Pigs fed rations without added copper had approximately 20 ppm copper in the liver compared to 446 ppm for those pigs receiving 250 ppm copper in their rations. When zinc and iron were included in the ration along with copper, the average copper level of the liver was reduced to 175 ppm. No visible signs of copper toxicity were observed in this trial. Zinc concentrations in blood serum and liver also increased when supplemental zinc was fed. Table 3 swnmarizes the available data of trial II.
All the chemical analyses have not been completed and will be reported at a later date.
Pigs fed zinc and iron alone had the highest average daily gains. Gains were slightly less when molybdenum was added with the zinc and iron and they were approximately 12% less when 500 ppm copper were included with these minerals.
Copper alone, or in combination with molybdenum, resulted in pigs gaining slightly less than those fed the basal ration.
It appears that copper fed at 500 ppm is slightly toxic. Necropsy examinations on the three pigs which died revealed large gastric ulcers which had bled profusely. The stomachs were filled with large blood clots and the entire intestinal tract was filled with free blood.
These conditions may have been caused by the high copper levels as all three of these pigs were receiving rations containing 500 ppm copper. Molybdenun in the diet gave no growth response nor did it offset the symptoms of copper toxicity, which it has been shown to do in other species.
As in trial I, a higher incidence of parakeratosis occurred in the basal ration and also in the molybdenum-treated diet.
Copper added to the ration reduced the severity of gross skin lesions and zinc completely eliminated the symptoms associated with the disease.
Although some variability was observed between pens in daily feed cons1..Vl l ption and feed efficiency, average differences were small. Ranges of 5.19 to 5.98 lb. for feed consumption and 3.31 to 3.73 lb. feed per pound gain were noted with no definite trend apparent due to any of the minerals fed.
Hematocrit and hemoglobin values were decreased by the inclusion of copper in the diet. When iron was added to the diets already containing copper, slight increases in the hemotocrit and hemoglobin values were observed. However, they did not reach the levels present in pigs fed rations without copper.
Summ ary
Two trials were conducted to study the effects of copper levels in the ration on performance of growing-finishing swine. Pigs receiving copper in the diet at 250 ppm (trial I) had a faster rate of gain than those fed the basal ration. The addition of zinc and iron with copper in the diet produced no added response. When copper was raised to 500 ppm ( trial II) , it appeared that the toxic level was reached and a slight depression in gain was observed when compared to the basal ration. Zinc and iron added to the basal diet resulted in pigs gaining 13% faster than those receiving the basal ration. When zinc and iron were added to a ration containing 500 ppm of copper, a slight increase in gains was noted. In both trials, feed per unit of gain was not greatly affected. SertUn copper and zinc levels were increased when these minerals were added to the rations. Liver copper levels increased approximately twentyfold and liver zinc levels doubled when 250 ppm copper and 100 ppm zinc were added to the rations. Zinc additions to the copper-supplemented ration reduced copper levels in the liver. Pigs receiving 500 ppm copper had lower hematocrit and hemoglobin values than those not receiving the mineral. 
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